Abstract: This paper examines the rapid urban growth in the city of Shenzhen with particular focus on urban economic growth, population growth, agriculture and environmental changes. With the rapid expansion of population and the builtup area, there is increasing demand for the provision of urban infrastructure. The volume of environmental pollution is also increasing. The problems of environmental pollution and the negative impact on agriculture have also been examined in the paper. Shenzhen's agriculture has undergone a transition from general agriculture to the rise and eventually decline of suburban agriculture. Shenzhen's case indicates that it is possible to move towards balanced development in social, economic and environmental dimensions even for new large cities like Shenzhen.
INTRODUCTION
Many studies have been carried out on economic development and urbanization in China [1] [2] [3] [4] [5] . Some studies have also raised concerns of environmental consequences and implications for resources utilization of China's recent rapid development [6] [7] [8] [9] . As China steadily moves forward to become an industrialized and urbanized society, huge environmental impacts might be produced. Officially, Chinese government has launched Agenda 21 and introduced a series of laws and regulations for environment protection and sustainable development. A perspective of scientific development is emphasized to achieve resource and energy efficiency for sustainable development in recent years. Major problems remain in implementation and enforcement as local governments often give priority to economic development. This paper will use the city of Shenzhen as a case study to examine urban development and its environmental implications in China. Although Shenzhen currently does not experience significant overurbanization, high unemployment and poverty problems which are common in many developing countries [10, 11] , it does face increasing pressure of population growth, land use and environmental pollution.
Pearl River Delta is one of the most rapidly developing regions in China. There are two special economic zones in the Pearl River Delta, namely, Shenzhen and Zhuhai which were designated by the Chinese Government in 1980. The special economic zones have been the testbed of China's economic reform and open door policies in the 1980s and 1990s to take advantage of their close ties with Hong Kong and Macao. For example, a series of housing reform policies and programmes have been introduced in Shenzhen special economic zone (SEZ) to promote housing commodification and housing ownership [12] . Shenzhen is also a pioneer in *Address correspondence to this author at the Department of Geography and Resource Management, The Chinese University of Hong Kong, Shatin, NT, Hong Kong; E-mail: jianfa@cuhk.edu.hk urban planning and in adopting market mechanisms for the allocation of land resources [13] .
Currently, there are six districts in Shenzhen city. Four belong to the Shenzhen special economic zone (Futian, Luohu, Nanshan and Yantian districts) and other two districts (Baoan and Longgang districts, designated by dividing former Baoan county) are not part of the special economic zone. There is an internal boundary between the special economic zone and non-special economic zone which is also called the second boundary in contrast to the first boundary between Hong Kong and Shenzhen special economic zone. There was tight control in the secondary boundary in the 1980s and 1990s but this has been relaxed in recent years. The total area of Shenzhen city is 1952.84 km 2 which almost doubles the size of Hong Kong and the area of the Shenzhen special economic zone is 395.82km 2 [14] . Shenzhen is ideally positioned nearby Hong Kong to act as the window of China to the outside world. Indeed, Hong Kong is densely populated with a population of about 7 million with limited land resources. In the last three decades, Hong Kong investors have invested heavily in Shenzhen and other cities in Pearl River Delta for industrial and non-industrial development. Hong Kong and Shenzhen have very close economic and trade ties [15, 16] . Shenzhen provides many opportunities for Hong Kong's capital and information resources, and management skills. There are increasing concerns on intercity competition and the needs for cooperation between Hong Kong and Shenzhen [17] .
There has been rapid economic, population and urban growth in Shenzhen. The pace of development is beyond the imagination of many people and the initial projection of planners in the Shenzhen Planning Bureau in 1981. The initial projected population in the Shenzhen SEZ was 0. [14] . The population figure is based on the official statistics including population who stayed in Shenzhen over half year.
Some studies have focused on the development in Shenzhen [18] [19] [20] . Sun considered the issue of future development in Shenzhen in the context of Pearl River Delta and its relation with Hong Kong while Ng reviewed the urban development and planning of the city [21] [22] . On the other hand, Hsu, Ng, Lai and Yang considered the environmental problems in Shenzhen SEZ in the context of its geographical setting and industrialization-lead economic growth [23] [24] [25] . The contrast and the relation between Hong Kong and Shenzhen have also been the focus of recent studies [24, 26] . Liu et al. examined the relationship between development level and environment for the period 1989-2003 [27] . They found that environment quality related to NO x and total suspended particulates in the air and BODs and total phosphorus in Shenzhen river improves with development. But some pollutants induced by consumption such as SO 2 increased with development. Population growth and concentration seems to causing environmental stress in the city.
The rest of the paper is organized into five sections. The following section will discuss the urban economic growth. Section three will examine the population growth and migration in Shenzhen . Section four will analyze the impact of rapid urban growth on agriculture and environment. Some conclusions are reached in the final section.
URBAN ECONOMIC GROWTH
Shenzhen special economic zone has implemented a series of favourable and flexible policies to attract investment and stimulate economic growth [28] [29] [30] . These favourable conditions have attracted much investment from Hong Kong and abroad. China's domestic capital has also quickly moved into Shenzhen to take the advantage of its close economic and trading ties with Hong Kong and the overseas market. There has been dramatic growth both in terms of GDP (Gross Domestic Product) per capita and the total GDP.
The GDP in the city of Shenzhen was greatly expanded from RMB 196 million in 1979 to RMB 581 billion by the year 2006. During the period 1980-1994, the GDP was growing at a rate of more than 30% a year in most years. There was also high growth of 14-20% a year in the period 1995-2006. The GDP per capita in the city was also increased rapidly from only RMB 835 in 1980 to RMB 69450 (US$8712) by the year 2006.
The GDP per capita growth rate was negative only in two years, 1986 and 1989 when GDP growth was relatively slow. Table 1 compares the GDP per capita in China, Guangdong province, Pearl River Delta and the city of Shenzhen. The most noticeable is the similar levels of GDP per capita in these areas in 1980 when the economic reform began. The development process since 1980 greatly altered this regional balance. By the year 2006, Shenzhen city has become one of the most advanced cities in China.
Shenzhen's economic structure has also undergone significant change in this rapid growing period. There has been steady shift from primary sector to the secondary sector while the tertiary sector has been relatively stable. In 2006, the tertiary sector accounted over 62.9%% of GDP while the share of secondary sector was below 38% in Futian, Luohu and Yantian districts. Nanshan district had an economic structure similar to that of Baoan and Longgang districts with the share of secondary industry in GDP around 66-67% [14] .
Rapid economic growth in Shenzhen is made possible by the heavy inflow of capital, labour and associated technology and information. Many studies tended to emphasize the role of foreign investment while the contribution of domestic investment was often ignored. However, Hu, Shen, Wong and Chu found that the investment from domestic enterprises also formed quite a large portion of the total investment [31] [32] . [53] . GDP per capita in Pearl River Delta in 1980-1995 was based on hukou population and would be smaller than the figure if large total population was used.
Recent statistical data provided further evidence. Table 2 presents the total investment and foreign direct investment (FDI) in the city of Shenzhen over the period . The original data are in terms of RMB and have been translated into US dollars using annual average official exchange rate. In 1995, the main sources of FDI in the city were Hong Kong (60.3%), Japan (18.5%), USA (8.2%), Taiwan (4.0%), UK (0.6%) and Singapore (0.5%) [36] . In 2006, the main sources of FDI were Hong Kong (51.2%), Singapore (3.5%), USA (2.2%), Japan (1.4%), Taiwan (0.9%), Germany (0.7%), Netherlands (0.7%) and UK (0.5%). The sources become more diversified and other sources contributed over 39.0% in 2006 [14] .
Several points are clear about the investment trends in the city of Shenzhen and the Shenzhen special economic zone. Capital is one of the three main production factors in addition to labour and technology. In a city like Shenzhen with sufficient supply of both skilled and unskilled labour from various areas, capital is perhaps one of the main forces in stimulating economic development. On the other hand, suitable technology can be imported and utilized with efficient management and a skilled labour force. The relationship between the GDP (G), FDI (I) and domestic investment (D) in Shenzhen city is analyzed using regression analysis. The data series covers a period of 26 The above equation shows a close relationship between the GDP output, FDI and domestic investment.
MIGRATION AND POPULATION GROWTH
Economic growth and massive investment in Shenzhen have generated a number of job opportunities and have attracted many migrants from various areas in China. Recent estimate indicates that Shenzhen had a population of 8.46 million in year 2006. This figure includes 1.97 million registered population (Hukou population) whose residence registration (Hukou) was in Shenzhen and 6.50 million temporary population (non-Hukou population) whose residence registration was not in Shenzhen but had stayed in Shenzhen for over six months. Here Hukou registration refers to official ways that ordinary Chinese register with government either as agricultural population or as non-agricultural population at a particular place. The transfer and change of such Hukou registration between places and from the status of agricultural population to that of non-agricultural population are still largely under tight control despite important progress in hukou reform [4] . However, people have been allowed to move to other areas and to register temporary with the government at their place of residence and employment since 1984 [1, 2, 4, 33] . Therefore, there are two kinds of migrants in China. Hukou migrants who transfer their Hukou registration along with their move and non-Hukou migrants who Source: calculation by the author and also [14, 53] .
only register as temporary population at their destination but leave their Hukou registration at their origin. Most of the Hukou migrants are professional, technical and high skilled persons whose number is much smaller than that of nonHukou migrants. It will be of interest to examine the population dynamics in Shenzhen SEZ which was presented in Table 4 . The total population in SEZ increased rapidly from only 94,100 in 1980 to over 1. (Fig. 1) . In the first period, the proportion of temporary population was higher in SEZ than in the whole city. In the second period, the proportion of temporary population was smaller in the SEZ than in the whole city. The areas outside the SEZ actually attracted more temporary population than the SEZ. It appears then that there is a gradual transition toward a more balanced population growth in the SEZ. The share of temporary population was stable around 56-65% at SEZ in the period 1988-2006. Second, there is no steady increasing trend in the scale of annual population growth especially since 1985. The annual population growth is also less stable. Third, migration was the major source of population growth in the SEZ.
Population growth in the SEZ and the remaining areas of the city has not been an even process. Initially, rapid population growth took place in the SEZ. There was a concentration period 1980-1985 when more population moved into the SEZ than the remaining areas of the city. The SEZ share of population increased from 28.27% in 1980 to 53.30% in 1985 and declined to 29.28% in 2000. The SEZ share of population increased again to 37.67% in 2006 due to residential development and growth of service sector in SEZ (Fig.  2) .
With the growth of population in the city of Shenzhen, the built-up area, public utilities and urban infrastructure have also been expanded rapidly. The built-up area of the SEZ increased from less than 3km 2 Sources: Calculation by the author and also [14, 37] . Fig. (2) . Population share of SEZ in Shenzhen city. 1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999 [14, 34] . The construction of urban infrastructure and housing in Shenzhen was set at a higher standard than many other cities in China, especially for those with middle income or above [12, 35] However, there is no detailed housing information on the population which is not covered by the available housing data. The 2000 census did not collect housing data for those who stay in collective households. There were 3.88 million people in a total of 0.78 million collective households in Shenzhen in 2000 [40] . Most of them are temporary population or migrant workers lived in dormitories provided by employers. Their housing condition is likely to be more crowded than the population living at their own home. This may result in many social problems in long term although some migrant workers intend to go to their home town after a few years [41] [42] . Overall, rapid population growth and the inflow of migrant labours have also induced great social problems such as housing provision, education and increasing crime rates. This will affect sustainable social development of the city. The city government should pay more attention to social and environmental sustainability in addition to urban economic growth [24] .
IMPACT ON AGRICULTURE AND ENVIRON-MENTAL POLLUTION
Shenzhen provides a good case for examine the impact of recent rapid urban growth and industrialization on agriculture and environment in China [8] . The issue of shrinking agricultural land and food supply has raised the question of who will feed China [43] [44] . Shenzhen's agriculture has also experienced significant change due to its rapid urbanization process (Tables 5 and 6 ). Arable land in the city has been greatly reduced from 532 thousand Mui ( There are two stages in agricultural change. In the first stage 1979-2002, the agriculture was transformed from general agriculture into a type of suburban agriculture with major expansion in vegetable and meat production. Such suburban agriculture uses relatively less land but with a high output value per unit of land. During the period 1979-1991, the vegetable output in Shenzhen increased by 28 times from 8639 ton a year to 238,716 ton a year. The meat output increased by 11 times from 6726 ton to 79,022 ton in the same period. During the period 1991-2002, the meat production seems to be stabilized while the vegetable production was less stable.
In the second stage 2002-2006, the suburban agriculture began to decline in Shenzhen due to further urban expansion. The production of both meat and vegetables declined in the period. It is noted that agricultural output increased from RMB 131 million in 1979 to the peak of RMB 3408 million in 2002 and it then declined to RMB 1800 million in 2006, the 1992 level. There are similar trends in Shenzhen special economic zone but are much more outstanding as it the focus of urban development. Table 6 shows the changes in the period 1979-1995 for SEZ.
With the expansion of urban and industrial activities, environmental pollution is also increasing in Shenzhen. Table 7 presents the data on environmental pollution for Shenzhen special economic zone for the period 1990-2005. The environmental problems range from air pollution, water pollution, solid waste and noise pollution to soil pollution and land conservation. The discussion here is focused on waste water, water pollution and air pollution. The amount of waste water in the SEZ increased from 136.85 million ton in 1990 to 270.42 million ton by 1995. Part of such increase was due to the increase of population in the SEZ. However, the amount of waste water per capita was also increased from 135.52 ton in 1990 to 172.45 ton in 2000. This means that about 27.25% of the increase in waste water in the SEZ was due to the increase in the level of waste water discharge per capita and 72.75% was due to the increase in the population. The amount of industrial waste water in the SEZ was also increased from 15. The pressure of urban growth on agriculture and environment is clear in Shenzhen. In recent years, Shenzhen government has made efforts to investment in more facilities for waste processing, tightening environmental standards for waste disposal and adjusting industrial structure towards high-value added high-tech and capital intensive industries with less environmental pollution. The 11 th five-year plan of Shenzhen for the period 2006-2010 aims to promote a new development model emphasizing the recycle of resources [46] . Strict environmental objectives are set to reduce SO 2 and COD emission by 10%. 60% of water quality and 99% of water resources for drinking will reach standard, 75% of waste water will be processed centrally, 92% of industrial solid waste and 45% of residential waste will be re-used, and 95% of residential waste will be processed for harmless disposal. These measures will contribute to sustainable urban development in the city.
In comparison, the environmental waste is handled better in Shenzhen than in Guangzhou, the largest and capital city of Guangdong province with a long history. The share of industrial waste water discharged reaching standard, and share of residential waste water processed and the share of residential waste processed in Guangzhou were lower than Shenzhen in 2004 ( Table 8) . Only Guangzhou had a higher rate of re-using the industrial solid waste (93%) than Shenzhen (87%) [47] . Such differences mean that new developed areas can do better than old cities to tackle environmental pollution. Nevertheless, the environmental stress and pollution are still serious and more effort is needed to tackle these problems.
CONCLUSION
This paper has examined the rapid urban growth in the city of Shenzhen with particular focus on urban economic growth, population growth, agriculture and environmental changes. It is found that net in-migration accounts for the majority of the urban population growth and that both domestic and foreign investments have significant contributions to the rapid economic expansion in the city.
Rapid population growth and the inflow of migrant labours have also induced great social problems such as housing provision and increasing crime rates. The city government should pay more attention to social and environmental sustainability in addition to urban economic growth.
With the rapid expansion of population and the built-up area, there is increasing demand for the provision of urban infrastructure. There is also increasing stress on natural environment and coastal areas which is not discussed in detail in this paper. The volume of environmental pollution is also increasing. Shenzhen as a rapidly expanding city provides a good case to address these issues. The problems of environmental pollution and the negative impact on agriculture have also been examined in the paper. Shenzhen's agriculture has undergone a transition from general agriculture to the rise and eventually decline of suburban agriculture.
Generally, Shenzhen's performance is better than many other major cities in China in terms of environmental protection. Shenzhen's case indicates that it is possible to move towards balanced development in social, economic and environmental dimensions even for new large cities like Shenzhen. Other old and large cities may face even more environmental problems due to inertia in economic structure and historical legacy of poor urban infrastructure. With further industrialization and rising living standards and consumption level, Chinese cities need to invest more in urban infrastructure and environmental protection to achieve sustainable development.
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